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suggestive evidence that the greatest declines in lung function occur within the first couple of years of
exposure to lower TDI concentrations. A decline in FEV; and forced vital capacity (FVC) was found in
workers with no previous history of occupational exposure to TDI who were exposed to an 8-hour time-
weighted average (TWA) TDI level of 0.0012 ppm. However, no declines in lung function were found in
the cohort, which mostly consisted of workers with prior TDI exposure. Additionally, when the naive
workers were followed for another several years, no additional declines in lung function were found.
Declines in lung function were observed in workers with an 8-hour TWA TDI exposure level of

0.0082 ppm, but no effects were observed in workers with an 8-hour TWA TDI level of 0.0017 ppm.

Animal studies have reported histological lesions in the nasal cavity and lungs after acute, intermediate,
or chronic TDI exposure. The nasal lesions typically consisted of rhinitis, necrosis, ulceration, and
metaplasia; the severity of the lesions and location within the nasal cavity appear to be concentration- and
duration-related. Rhinitis was reported at 0.02 ppm in intermediate-duration studies; chronic or necrotic
rhinitis was reported at 0.05 ppm in a chronic mouse study. Interstitial pneumonitis and catarrhal
bronchitis was observed at slightly higher concentrations in the chronic mouse study. In addition to the
histological alterations, airway hyperresponsiveness and increases in respiratory rates have been observed

in laboratory animal studies exposed for acute or intermediate durations.

A limited number of other adverse health effects have been reported in humans and animals. A chronic
study in rats and mice examined major tissues and organs and only reported adverse effects in the
respiratory tract. Dermal irritation and ocular irritation have also been reported in TDI workers.
Reproductive and developmental toxicity of TDI has been investigated in rats. No evidence of
reproductive toxicity was observed in a 2-generation study in which rats were exposed to concentrations
as high as 0.3 ppm. An increase in litters with poorly ossified cervical centrum was observed in the
offspring of rats exposed to 0.5 ppm on gestation days (GDs) 6-15; this concentration was also associated
with significant maternal toxicity, including a 45% decrease in maternal weight gain and labored
breathing.

Although the carcinogenicity of TDI specifically has not been investigated in occupational exposure
studies, three studies have examined workers at polyurethane foam manufacturing facilities and found
associations between work in the polyurethane foam manufacturing facility and lung cancer in female
workers; none of the studies examined associations specifically with TDI exposure. A chronic-duration
study in rats and mice did not find significant increases in neoplastic tumors. HHS has classified TDI as

reasonably anticipated to be a human carcinogen based on sufficient evidence of carcinogenicity from
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studies in experimental animals. The International Agency for Research on Cancer (IARC) has classified
TDI as a Group 2B carcinogen (possibly carcinogenic to humans) based on inadequate evidence of
carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals. EPA has

not classified the carcinogenicity of TDI.

TDI is rapidly hydrolyzed in water and is not likely to be detected in aquatic environments; thus, it is
unlikely that the general population will be exposed via this route. The oral toxicity of commercial-grade
TDI has been investigated in a series of gavage studies in rats and mice; there is some question regarding
the relevance of these data to humans due to likely pharmacokinetic differences between ingestion of TDI
and gavage administration directly into the acidic environment of the stomach, which could result in the
formation of 2,4-toluene diamine (TDA). Mucoid bronchopneumonia was observed in rats following
intermediate exposure to 240 mg/kg/day, 5 days/week for 13 weeks or following chronic exposure 30 or
60 mg/kg/day, 5 days/week for 2 years; decreases in survival were also observed at these

doses. Bronchopneumonia was not observed in mice; however, an increased incidence of cytomegaly in
the renal tubules was observed in male mice administered 120 mg/kg/day, 5 days/week for

2 years. Decreases in survival were also observed in mice chronically exposed to 240 mg/kg/day. The
chronic study also found clear evidence of carcinogenicity in rats and female mice. In rats, there were
increases in the incidence of subcutaneous fibromas and fibrosarcomas, pancreatic acinar cell adenomas
and islet cell adenomas, mammary gland fibroadenomas, and neoplastic nodules of the liver. In the
female mice, the incidences of hemangiomas or hemangiosarcomas and hepatocellular adenomas were

increased.

MDI. Similar to TDI, the respiratory tract is the primary target of toxicity for MDI. Occupational
exposure can result in occupational asthma, asthma-like symptoms, and decreases in lung

function. Although a number of studies have reported MDI-induced asthma or asthma-like symptoms, no
reliable concentration-response data or prevalence data are available. As with TDI, occupational asthma
likely results from exposure to very high concentrations of MDI or prolonged exposure to high levels that
result in sensitization. Approximately half of workers reporting asthma-like symptoms such as wheezing,
dyspnea, and chest tightness have a positive response to a short MDI-challenge. Many MDI-sensitized
workers also respond to nonspecific irritants; the prevalence of subjects with asthma-like symptoms
exhibiting bronchial hyperresponsiveness following exposure to methacholine was significantly higher
than in non-exposed subjects or other MDI workers. Unlike TDI, a small number of workers with
asthma-like symptoms also reported chills, fever, and malaise, which are considered symptoms of

hypersensitivity pneumonitis.
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Decreases in lung function were observed in MDI workers. Other studies have not found decreases in
lung function when pre-shift levels were compared to post-shift levels; one of these studies that examined
27 workers noted that the MDI levels at the facility ranged from 0.0005 to 0.001 ppm.

A limited number of studies have been conducted in laboratory animals. A study measuring respiratory
rates in mice reported increases in respiratory rates at 7 mg/m?, which were followed by a gradual decline
in respiratory rate; the investigators suggested that this pattern was indicative of pulmonary irritation
rather than sensory irritation. Airway hyperresponsiveness to acetylcholine was observed in guinea pigs
exposed to 0.01 ppm MDI 6 hours/day for 5 days or 6 hours/day, 5 days/week for 4 weeks. A chronic-
duration study with polymeric MDI containing about 50% monomeric MDI found increases in nasal
lesions (basal cell hyperplasia and Bowman’s gland hyperplasia) and lung lesions (localized fibrosis and
alveolar duct epithelialization in rats exposed to 1.0 mg/m?® polymeric MDI 6 hours/day, 5 days/week for
2 years. Many of these lesions were observed after 1 year of exposure to 6.0 mg/m?. An unpublished
study reported similar lung effects in female rats exposed to 0.23 mg/m* monomeric MDI 18 hours/day,

5 days/week for 2 years.

The chronic study in rats did not find any other systemic effects. In a rat developmental toxicity study, an
increased incidence of litters with fetuses displaying asymmetric sternebrae was observed at 9 mg/m?
MDI administered on GDs 6-15; a decrease in maternal food consumption was also observed at that

exposure level.

No occupational exposure studies have examined the possible association between MDI exposure and
cancer risk. As discussed in the TDI section, a possible association between lung cancer and employment
at polyurethane foam manufacturing facilities was reported in female workers. The chronic inhalation rat
study found increases in lung adenomas in male rats exposed to 6.0 mg/m? polymeric MDI; one incident
of lung adenocarcinoma was also found. IARC has classified 4,4’-MDI as a Group 3 carcinogen (not
classifiable as to its carcinogenicity to humans) based on inadequate evidence of carcinogenicity in
humans and inadequate or limited evidence in experimental animals. EPA has characterized the
carcinogenicity of MDI/polymeric MDI as “cannot be determined, but for which there is suggestive

evidence that raises concern for carcinogenic effects”.
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2.3 MINIMAL RISK LEVELS (MRLS)

Estimates of exposure levels posing minimal risk to humans (MRLs) have been established for TDI and
MDI. An MRL is defined as an estimate of daily human exposure to a substance that is likely to be
without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of exposure.
MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of effect or the
most sensitive health effect(s) for a specific duration within a given route of exposure. MRLSs are based
on noncancerous health effects only and do not consider carcinogenic effects. MRLs can be derived for
acute, intermediate, and chronic duration exposures for inhalation and oral routes. Appropriate

methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development
or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.

Inhalation MRLs for TDI

Acute Duration

e An MRL of 1x10° ppm has been derived for acute-duration inhalation exposure (<14 days) to
TDI.

A limited number of human studies have evaluated the acute toxicity of TDI. No respiratory symptoms
were reported in healthy subjects exposed to 0.005 ppm TDI for 6 hours followed by a 20-minute
exposure to 0.02 ppm TDI; however, slight, but statistically significant, decreases in specific airway
conductance and MEF at 25% of FVVC were observed (Vandenplas et al. 1999). No alterations in specific
airway resistance were observed in healthy or asthmatic subjects exposed to 0.02 ppm for 20 minutes
(Chester et al. 1979). Acute-duration animal inhalation studies have reported rhinitis, lung damage, and
airway hyperresponsiveness. The severity of rhinitis was concentration-related; moderate rhinitis was
observed in mice exposed to 0.07 ppm 6 hours/day for 4 days (Zissu 1995), moderate-to-severe rhinitis

was observed in mice exposed to 0.4 ppm 6 hours/day for 5 days (Buckley et al. 1984), and severe nasal
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lesions were observed in mice exposed to 1 ppm 6 hours/day for 3 days (Arts et al. 2008). Interstitial
inflammation, pleural thickening, and goblet cell hyperplasia were observed in the lungs of guinea pigs
exposed to 1.4 ppm TDI 3 hours/day for 3 days (Wong et al. 1985). Airway hyperresponsiveness to
methacholine or acetylcholine was also observed in guinea pigs and mice exposed to >0.01 ppm
(Gagnaire et al. 1996; Gordon et al. 1985; Marek et al. 1999); a no-observed-adverse-effect level
(NOAEL) of 0.005 ppm for airway hyperresponsiveness was identified in guinea pigs exposed to TDI

6 hours/day for 5 days (Marek et al. 1999). An increase in the incidence of litters with poorly ossified
cervical centrum was observed in the offspring of rats exposed to 0.5 ppm commercial-grade TDI

6 hours/day on GDs 6-15 (Tyl et al. 1999a); this concentration was also associated with maternal toxicity

including a marked decrease in body weight gain and signs of nasal irritation and audible respiration.

The Vandenplas et al. (1999) human study identified the lowest lowest-observed-adverse-effect level
(LOAEL) (0.005 ppm) for respiratory effects caused by acute inhalation exposure to TDI; the lowest
LOAEL in animals is approximately 10-fold higher. The Vandenplas et al. (1999) study was considered
suitable for derivation of an MRL. The LOAEL of 0.005 ppm was adjusted to continuous 24-hour
exposure; the resulting LOAELap; was 0.00125 ppm. The MRL of 0.00001 ppm (1x10° ppm) was
calculated by dividing the LOAELap, by an uncertainty factor of 100 (10 for the use of a LOAEL and
10 for human variability). There is some uncertainty whether the acute-duration MRL based on the
Vandenplas et al. (1999) single exposure study would be protective of continuous exposure to TDI for
14 days. Chronic-duration occupational exposure studies provide some support for this MRL. The
lowest LOAEL values identified in longitudinal studies of workers exposed to TDI are 0.0012 and
0.0019 ppm (Clark et al. 1998; Diem et al. 1982); the effects observed at these concentrations included
decreases in lung function (FEV1 and/or FVC). These LOAELSs are roughly 2—4 times lower than the
LOAEL from the Vandenplas et al. (1999) study. However, since there is uncertainty that the MRL
would be protective for continuous exposure for 14 days, it is recommended that measured air

concentrations should not exceed the MRL of 1x10°° ppm during a 24-hour period.

Intermediate Duration. No human studies have examined the intermediate-toxicity of TDI; several
animal studies have examined the respiratory tract following intermediate-duration exposure. Nasal and
lung inflammation were observed in mice exposed to 0.02 ppm commercial-grade TDI 4 hours/day,

5 days/week for 6 weeks (Matheson et al. 2005); increased airway hyperresponsiveness was also observed
at this concentration. At a slightly higher concentration (0.07 ppm), severe rhinitis with metaplasia and
necrosis of the nasal respiratory epithelium was observed (Zissu 1995). The LOAELSs in the animal

studies are >10 times higher than the LOAELS identified in occupational exposure studies (see Chronic
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facility with no prior TDI exposure found significant annual declines in FEV1 and FVC; however, no
significant alterations in lung function were observed in the entire cohort. The mean 8-hour TWA TDI
concentration for the entire cohort (naive workers and workers with prior TDI exposure) was 0.0012 ppm
(Clark et al. 1998). When the naive worker subcohort was examined several years later, the declines in
lung function did not significantly vary from predicted levels (Clark et al. 2003). Clark et al. (1998)
suggested that the decline in lung function observed in the naive subcohort may have been due to
respiratory irritation. Another study found greater-than-expected declines in maximal midexpiratory flow
(MMF), ratio of FEV to FVC, and peak expiratory flow (PEF) in polyurethane foam manufacturing
workers with an 8-hour TWA TDI level of 0.0082 ppm, with peak levels of 0.02-0.03 ppm (Omae et al.
1992). No alterations were found in workers with a TWA level of 0.0017 ppm with peak levels of
0.0003-0.004 ppm. A fourth study found significant declines in FEV levels in workers with TDI
exposure levels >0.0035 ppm (Wegman et al. 1977, 1982). No alterations in lung function were observed
in other longitudinal studies with TDI levels of 0.0015-0.015 ppm (Bodner et al. 2001; Butcher et al.
1977; Jones et al. 1992; Ott et al. 2000).

Only one study examined the chronic toxicity of airborne TDI in laboratory animals; significant increases
in the incidence and severity of chronic or necrotic rhinitis with epithelial atrophy and mucous and
squamous metaplasia were observed in mice exposed to >0.05 ppm TDI 6 hours/day, 5 days/week for

2 years (Loeser 1983). Interstitial pneumonitis and catarrhal bronchitis was also noted in mice exposed to

0.15 ppm; however, the incidence was not reported.

The adverse effect levels for declines in lung function in TDI workers were about 5 times lower than the
LOAEL for nasal effects in mice; thus, the occupational exposure studies were selected as the basis of the
MRL. The results of the Diem et al. (1982) and Clark et al. (1998) studies suggest that the greatest
declines in lung function occur during the first several years of exposure to TDI; thereafter, the declines
are not significantly different from predicted levels. Thus, these studies were considered as the basis of
the MRL. The Clark et al. (1998) study was selected over the Diem et al. (1982) because it identified a
slightly lower adverse effect level (0.0012 versus 0.0019 ppm) and did not rely on unpublished
monitoring data. The mean daily exposure level of the exposed group of 0.0012 ppm was adjusted for
intermittent exposure (8 hours/day, 5 days/week). This adjusted adverse effect level of 0.00029 ppm was
divided by a total uncertainty factor of 100 (10 for use of an adverse effect level and 10 for human
variability) resulting in an MRL 0.000003 ppm (3x10° ppm or 0.003 ppb).
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